Introduction
. For a substantial period of time, however, the lack of standardisation in reading images and reporting results, as well as the lack of large studies in homogeneous patient cohorts, has delayed a wider routine clinical use of [ 18 F]FDG PET [4] . This is particularly true in the field of inflammation/infection imaging despite initial attempts * Silvia Morbelli silviadaniela.morbelli@hsanmartino.it on behalf of the European Association of Nuclear Medicine (EANM) and of the Society of Nuclear Medicine and Molecular Imaging (SNMMI) to standardize this methodology between the European Association of Nuclear Medicine (EANM) and the American Society of Nuclear medicine and Molecular Imaging (SNMMI) [5] . 
The autoimmune encephalitis
A relevant example is autoimmune encephalitis (AE), an emerging clinical and treatable entity, for which the diagnostic approach is, at present, under revision with the aim of performing earlier diagnosis of possible AE even before the availability of autoantibody testing results [12] .
In the past ten years, the discovery of several autoantibodies specific for the neuronal cell membrane surface or synaptic proteins has led to the emerging recognition of clinical entities belonging to the spectrum of AE [12] . Patients with AE may share core symptoms of infectious encephalitis but could also present with memory or behavioral deficits, without fever, or with alteration in the level of consciousness. Autoantibody testing is crucial for the differential diagnosis. As a drawback, it is not accessible in many institutions and for technical reasons results are not readily available thus delaying diagnosis and the initiation of an effective treatment [12] . On the other hand, it has been demonstrated that early initiation of immunosuppressive therapy may result in improved clinical outcome [13] .
In a position paper recently published in Lancet Neurology, Graus and colleagues propose a new syndrome-based diagnostic approach to AE with the aim of allowing an earlier diagnosis of possible AE thus leading to prompt immunotherapy initiation [12] . According to this newly proposed approach, the early diagnostic work-up should rely on conventional neurological evaluation and standard diagnostic tests (i.e., MRI, cerebrospinal-fluid, or EEG). Comprehensive antibody tests would then be needed to substantiate the clinical diagnosis (probable or definite AE) and to refine treatment. This newly proposed approach follows the identification of an increasing number of non-infectious types of AE and supports clinicians in the evaluation of acute or subacute presentations that do not meet existing criteria. For the diagnosis of possible AE, three criteria need to be fulfilled: (1) reasonable exclusion of other causes, (2) subacute onset with working memory deficits, altered mental status or psychiatric symptoms, and (3) at least one of the following: new focal CNS findings, seizures that cannot be explained otherwise, CSF pleocytosis, or MRI suggestive of encephalitis. After the discussion of the initial clinical assessment of possible causes of encephalitis, Graus et al. restricted their discussion to AE showing specific features (limbic encephalitis, anti-NMDA receptor encephalitis, Bickerstaff's brainstem encephalitis, acute disseminated encephalomyelitis and Hashimoto's encephalopathy). In this framework, the presence of MRI abnormalities (T2-weighted fluid-attenuated inversion recovery alterations highly restricted to the medial temporal lobes and possibly bilateral) is listed among the criteria for the diagnosis of autoimmune limbic encephalitis. MRI is obviously mandatory and represents a first level imaging study in these patients. However, as the authors acknowledge, limbic encephalitis can occur with normal MRI findings or with MRI evidence of unilateral involvement only [12] .
Why [ 18 F]FDG in AE?
It has been demonstrated that sensitivity of AE diagnosis can be significantly increased by identifying medial temporal lobe hypermetabolism (or sometimes hypometabolism) on [ 18 F]FDG PET even in temporal lobe structures with normal (or unilaterally altered) MRI signal [14] [15] [16] . However, the potential role of [ 18 F]FDG PET in the syndrome-based approach to AE has been somewhat downplayed in the position paper by Graus and colleagues. According to the authors, two reasons underlie this limited recognition [17] . First, the lack of prompt availability of this method for indications needing an emergency-basis disposability. Second, the need for further studies to validate its predictive value for the diagnosis of AE [17] . On the one hand, we might argue that the number of PET/CT scanners available in industrialized countries and the relative short scanner occupancy will allow the prompt availability of this method for patients with suspected AE once its clinical use for this indication gains traction and becomes mainstream. On the other hand, we agree that larger validation studies are needed. As previously and presently done in the field of neurodegenerative disorders, the nuclear medicine imaging community should work to help clinicians find solutions for unmet diagnostic needs in patients with AE. Accordingly, we would like to take the opportunity, following our response to the Gauss et al. paper in The Lancet Neurology [16] , to further discuss the main available lines of evidence on the potential role of [ [14, 15] . Moreover, it has been reported that, both in limbic encephalitis and in other AE subtypes, [ 18 F]FDG PET can show extra-limbic abnormalities (more often hypermetabolism), e.g., in the brainstem, cerebellum or cerebral cortex, and PET findings seem to correlate more closely with clinical symptoms than MRI findings [18] . In this scenario, a more frequent association between autoantibodies against intracellular antigens and mesiotemporal abnormalities has been suggested, whilst autoantibodies against surface antigens seem to be more often associated with abnormalities outside the mesiotemporal region [14, 15] . Extra-limbic hypermetabolism can be relevant for diagnostic purposes and these features can be used in the future to investigate the different pathophysiological mechanisms underlying limbic encephalitis (possibly linked to different autoantibodies) [14] [15] [16] [17] [18] [19] .
The diagnosis of possible encephalitis with antibodies against the N-methyl-D-aspartate receptor (NMDAR) is also a great challenge and criteria for its identification have been addressed, too [12] . MRI is not included in these criteria as in large cohort studies MRI abnormalities have been reported in only 23-50% of patients [20, 21] [20, 22] . Metabolic abnormalities (hypo-or hypermetabolism) have been observed throughout the brain, including the frontal, temporal, and occipital lobes as well as basal ganglia, cerebellum, and brainstem [14] . Again, PET findings have been more clearly associated with the clinical picture, disease severity, and recovery after therapy than MRI findings [14] . This evidence is in accordance with the well-known general high sensitivity of [ ]FDG PET should be further addressed also in patients with suspected disease relapse of NMDAR encephalitis (which can occur in around 10% of patients), [21] . Moreover, PET imaging of ion channel-linked receptors is also under development and tracers for imaging NMDAR activity have been evaluated already in preclinical studies and healthy humans [24] . The potential role of these tracers should be tested in the future also in patients with AE.
As a general remark, specific challenges are present in the clinical assessment of AE in elderly people given the possible presence of age-related brain abnormalities as well as to the coexistence of other disorders affecting memory and cognition. Especially in case of inconclusive MRI findings, [ Finally, both in elderly and younger patients a whole-body [ 18 F]FDG PET scan is often added to the paraneoplastic workup of AE when screening patients for malignancy (as PET/CT is more sensitive than CT alone), [14] . As it adds no more than 10 min to the total examination time, a dedicated brain scan can easily be included to the same PET session, and, if needed, can also be used to monitor response to therapy or used in the context of suspected disease relapse [19] .
A multimodality imaging approach to AE can also be of particular interest given the recent availability of combined PET and MRI systems. Hybrid PET/MRI systems are presently tested in the diagnostic algorithm of other brain disorders [25] and in the future, can emerge as a suitable way to investigate AE both from the diagnostic and pathophysiologic points of view [26] . In this context the recent implementation of advanced algorithms for attenuation correction [25, 27] can be of particular interest in patients with frequent MRI abnormalities at the mesial temporal lobe level such as in the presence of limbic encephalitis.
Although [
18 F]FDG PET is a sensitive and widely available imaging method, some intrinsic challenges related to the characteristics of the tracer employed as well as some specific issues should be systematically addressed when validating it as a diagnostic tool for AE.
In fact, [
18 F]FDG PET has the ability to estimate the local cerebral metabolic rate of glucose, thus providing information on the synapse function and dysfunction in vivo [28] . Although this feature is the source of the high sensitivity and wide-range clinical use of this tool, it also underlies a lack of specificity. Indeed, the presence of reduced [ 18 F]FDG PET uptake may be due to a variety of underlying pathological processes (i.e., neuronal dysfunction, atrophy, vascular damage) and in the field of neurodegenerative disorders specific hypometabolic patterns are recognized for different diseases. The identification of specific disease patterns should be undertaken also in AE patients with some peculiar challenges. In fact, both areas of hyper-and hypometabolism may coexist in these patients, and the etiological diagnosis of hypermetabolism can even be more challenging, as patients with encephalitis (either infectious or noninfectious) can present with areas of hypermetabolism.
Although visual analysis is obviously the first step of brain [ ]FDG PET data are not suitable for identifying areas of hypermetabolism, as they were developed for diagnosing hypometabolic patterns in Alzheimer's disease [9] . Conversely, some voxelbased approaches might highlight areas of relative hypermetabolism just as a result of bias introduced by intensity normalization procedures and thus the choice of the reference region for intensity normalization will be crucial in this setting [29] . Moreover, it is worthwhile to mention that absolute quantification of brain glucose consumption can also be performed by means of [ 18 F]FDG PET, thus potentially allowing a pathophysiological validation of the hypermetabolic, hypometabolic, and/or mixed patterns in the context of prospective research trials in AE patients.
As a final remark, the presence of distinct metabolic patterns among the various AE subtypes might be a further source of trouble in group analyses. Only the availability of larger subgroups of AE patients may allow for uncovering AE subtype-specific diagnostic potentials of [ 18 F]FDG PET, as previously done for heterogeneous patient-based patterns of epilepsy [30] . Taking together, the clinical community of the field has just provided a crucial contribution to pave the way for an early diagnosis of AE [12, 16] . The next step will be to test the new proposed criteria for sensitivity and specificity in clinical practice [31] . This should also be an opportunity to assess the possible contribution of [ 18 F]FDG PET within the general diagnostic workup of AE as well as in selected scenarios. In this framework, the Nuclear Medicine community should work in a joint effort of data sharing with the aim of quickly translating the available scientific evidence into standard procedures and accelerating the comprehension and validation of [ This article does not contain any studies with human participants or animals performed by any of the authors.
